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Abstract 

Hadron vertices for u,d,s, quark flavours are formulated in terms of interacting 
composite strings. The vertices for emission of 7r, if-mesons and nucleons are 

presented. 
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1 String models for hadrons and composite strings. 



An essential interest in string description of hadron interactions has arised as far back as 
forty years ago (the Nambu string [1] and dual resonance models initiated by Veneziano's 
work [2]) due to the remarkable universal linearity of Regge trajectories a(t) for meson and 
baryon resonances [3] and [4]. J = a(M 2 ) = a(0) + a' H M 2 (a' H 0.85 GeV~ 2 ); where J,M 
are spin and mass of a resonance. Now we have these trajectories up to J = 5 and states 
for not only leading (n=0) but for second (n=l), for third (n=2) and even for fourth (n=3) 
daughter trajectories J n = a(0) — n + a' H M 2 n=0,l,2,3... . See 0]. 

However attempts to build the string model for hadron interactions have not been suc- 
ccsful since consistent i.e. compatible with unitarity models for relativistic quantum strings 
[5], [5] have required the intercept of leading meson trajectory a(0) to be equal to one. A 
shift of this value from one has led to contradiction with unitarity since then states with 
negative norms have appeared. The leading p-meson trajectory has the intercept to be equal 
to one half approximately. Just this reason has led to superstring models for nonhadrons: for 
massless gluons (open strings) on the trajectory J = 1 + a' p M 2 and for massless gravitons 
(closed strings) on the trajectory J = 2 + l/2a' P M 2 . 

A generalization of classical multircggeon (multistring) vertices [7J has been suggested 
by author in 1993 [8 as a new solution of duality equations for many-string vertices in [7J. 
These string amplitudes have been used for description of interaction of many 7r-mesons 
[5]. New string vertices [5] give a new geometric picture for interactions of strings which 
has a natural description in terms of composite strings and three two-dimensional surfaces 
for moving open string instead of usual one. Additional edging two-dimensional surfaces 
carry quark quantum numbers (flavour, spin, chirality). This composite string construction 
reminds two similar other composite objects: a gluon string with two pointlike quarks at 
ends of it or simplest case of a string ending at two branes when they are themselves some 
strings. It is not surprisingly as we shall see further that we have here a possibility for N=3 
extended superconformal Virasoro symmetry for open composite strings. Let us note that 
we have no supersymmetry in the Minkovsky (target) space for this model. The topology 
of interacting composite strings allows to solve the problem of the intercept a(0) for leading 
meson trajectory and to shift the value of this intercept to one half without breakdown of 
the extended superconformal Virasoro symmetry for composite strings due to non- vanishing 
conformal weights for fields on both edging two-dimensional surfaces. 

2 Formulation of composite string model. Simple ver- 
tices for interacting composite strings. 

We repeat here and in the following section formulations of vertices and generators of sym- 
metries for the critical N=3 superconformal composite superstring model [9] with some 
corrections for formulation of supergauge generators G r and hence for the critical condition. 

For investigation of composite superstrings it is more appropriate to move from multi- 
string vertices to more simple vertices Vi corresponding to emission of ground states in an 
amplitude An of interaction of N strings. In this case of composite superstrings operator 
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vertices will contain additional ( to usual dX^ and fields on the basic two-dimensional 
surface ) fields on edging surfaces : and its superpartner with Lorentz indices fi = 
0,1,2,3 . We include other edging fields ( J and its superpartner $ ) which carry internal 
quantum numbers ( isospin and other flavour currents) on edging surfaces and similar I, <d 
- fields on the basic two-dimensional surface. Since the edging fields are propagating only 
on the own edging surfaces it is convenient to introduce vacuum states for the fields on 
the separate edging surfaces and to write An in equivalent form with help of these vacuum 
states: 

A N = J n^(0 (1 ' 2) |Vi2^i)(0 (3) |V2 3 (z 2 ) X 

(o (4) |V34(^ 3 )|o (2) ) (o^i...^- 1 )} V^ +l { Zl ) x 

V NA (z N )\0 (N ^) (1) 

This form(l) excludes this amplitude from the set of additive string models of the Lovelace's 
paper [5] and leads to the topology of composite string models [E],[EI- Now we are ready to 
formulate the vertex operator Vi t i+i(zi) (Figure 1.) for this composite string model: 



V iti+ i(zi) = z\ 



-l 



G r , Wi ; i+i 



Wt,i+i = R° ut RNsRi+i (2) 




Vi, i+i Pi, i+i 



Figure 1: 



The operators ^° ut and R™i are defined by fields on i-th and (i+l)-th edging surfaces. 
The operator Rns is defined by fields on the basic surface. They have the same structure 
as the operator : expipiX(l) : of classical string models for both Y and J -fields: 

Ar^exp&X;— ) e ^(hJ2—) x 
^— ' n n 

n n 

exp(ifc i y W )A l (+) exp(-fc l V — ) x 

z — / n 

n 
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And we have the similar expression for R 1 ^: 

££i=exp(-& +1 £^-) exp(-fc i+1 £^-) x 

n n 
Yn +1) 

exp (-ifc J+ iy (i+1) )A J ( ;{ exp (fc m ^ — ) x 

n 

t(*+1) 

expte +1 ^^— ) (4) 

n 

$> = (5) 

i 

^M+l = CX P (-Ci,»+l X! ~) Cxp 51 ~) X 



exp (-ipi.i+iXo)^ i+1 cxp V — ) x 

n 

cxp (C»,i+i V — ) (6) 
' n 

n 

Here we have introduced A Q operators to be carrying quark flavours and quark spin degrees 
of freedom. 

<0|A<+> =0;A(-5|0> =0 (7) 

{aH.a^} = 6 a ,p ; A = AT , 
To = 7o ® T2 ; 



D in Pout 



/^W-Pfe (8) 



|. = A(+)^- } ; (9) 

Here £ is some universal matrix over quark flavours. So we give some relation between 
of momenta (charges) which flow into the basic surface and into edging surfaces. Namely 
operators (3(a) define fractions of i-th and (i+l)-th momenta (charges) for the basic surface: 

_T(+)/0 \("). 
Pout — A i Pout^i i 

&« =A( +) a Mt A, H ; (10) 
[/3,a] =0;/3 2 =a 2 = l (11) 
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3 Extended Virasoro superconformal symmetries, su- 
percurrent conditions and critical case for composite 
superstrings 

Main symmetry of any string model is the superconformal symmetry to be defined by the 
Virasoro operators G r . For composite superstring model we consider the set of states and 
of superconformal generators for the i-th section between the Vi-i,i vertex and Vi^+i vertex 
in (l)(see Figure 2.). 




Figure 2: 



Namely we have fields on (i-1), i, (i+1) edging surfaces : 

(y(i-l), /(<-!)); (J^" 1 ), $( i - 1 ));(FW, /(<)); (JW 
$W); $(»+!)) fields 

in addition to fields which are on the basic surface: 
(dX,H);(I,Q); 

In order to consider our spectrum of states in more symmetric way regards left and right 
sides we introduce a set of auxiliary fields (Y^ a \ f^); (j( a ) , $( a ') instead of (i-l)-th and 
(i+l)-th fields in decomposition of I in the i-th section: 

l = ^2\State(i-l,i,i + l)) (State(i - 1, i, i + 1)| (12) 

Taking into account the operator (0^ +1 '| from the left side and operator |0^ -1 )) from the 
right side we can replace (12) by the following sum: 

^2\State(i-l,i)) (State(i,i + 1)| = 

6(fields(i - I) - fields(a)) ^ \State(a, i)) x 
(State(i, a) | x 8(fields(a) - fields(i + I)) (13) 
Here we mean for 5(fields(i — I) — fields(a)) (in the case of Y-fields): 

6(Y(i-l)-Y(a))= (14) 

e n 21 ^— i° (i_1) > <o (a) in ( } 



[Ax.Aa,...] 1 1 

and for 5(fields(a) — fields(i + I)) correspondingly : 

5(Y(a) — Y(i + I)) = (15) 
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e n^%Vi° (a) )<° (m) in^7r^ 

[Ai,A a ,...] 1 V 1 V 

It is worth to note that the sets of states on the left and on the right of the vertex Vi,i+i 
will be the same ones that allows to connect corresponding decompositions unambiguously 
and to see independence on the number of the section for this consideration. 

We shall consider this operator ^2\State(a,i)) (State(i,a)\ which represents 1 in the 
Fock space for \State(a, i)) and we shall extract spurious states in order to find the physical 
states spectrum. 

Now superconformal generators G r can be defined as the following ones: 

G r = G L r or + G{ nt (16) 

G r° r = ^ j dT[{H "j? X » + PljHV) + 


(Y>)/(«)M + p lf W + y W/WM)] e -<rr (17) 

G> nt = -^ yrfr[(/e + a$ (1) ) + 



(./(«)$(«)+ j(0$W)] e -<rr (Ig) 

Here we have a=i-l (on the left side) or a=i+l (on the right side). But unlike the Neveu- 
Schwarz model this composite string model has a new superconformal symmetry which 
defines by the following generators G r : 

G r = G L r or + & r nt (19) 



G^ or = (20) 

2tt 



Itt J 



2ir 

o 



It: 



2tt J 

o 

+ j (Q) d (a) e + jWd^e- (21) 
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The operators G r give us the same commutation relations to the operator vertex V^j+i as 
G r ( here we have a = i + 1 in G r and G r ) : 

- [G r ,v M+ i(i)] ; 

[G r ,Wi, i+ i] = [G r ,Wi, i+ i] (22) 

Just here we have used the definite relations (8)- (11) for momenta and charges in the 
operator vertex Vi,»+i. Taking into account the expressions (16)-(21) we can derive the 
corresponding commutation relations for G r and G r : 



{G r , G s } = 2L r+s + ^ (r 2 - \ ) 5 r ._ s (23) 



2 V 4 / 

D = 3d Lor + 3d 7 "* (24) 
{G r ,G s } — 2L r+s ; (25) 



here d Lor is the number of y(or X)-components, 
d Int is the number of J(or 7)-components. 

{G r ,G s } = AL r+s - 2L r+s + ^(V 2 - ^ <5 r ,_ s (26) 

5 = 6rf Lor + 6d /nt (27) 

[£„, L m ] = (n - m)L n+m + ^-n(n 2 - l)S n _ m (28) 

Z m ] = (n - m)L n+m (29) 

[Z n , Z m ] = 2(n - m)L n+m - (n - m)L n+m + 

jn(n 2 - l)«J n ,_ m (30) 

[K,G r ] = Q-r)G n+r (31) 

[in,G r ] = Q-r)G n+r (32) 

[Z„, G r ] = (n - 2r) G„ +r - Q - r) G„ +r (33) 

Due to this algebra and equations (22) we are able to prove as earlier in classical models 
that both G r and G r operators generate spurious states. This commutation agebra allows 
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to extract the independent combinations of operators G r and G r which define the spectrum 
of spurious states. It is possible to extract the independent combinations of operators G r 
and G r which define the spectrum of spurious states: 

GI ^~ ( r* i r>s~i \ s~ill / s~iLor piLor\, 
r . — -{U r + ZU r ),U r . — {U r . — Lr r ), 

Gi 11 = {G ! r nt - Gi nt ) (34) 



Let us notice that our construction of vertices (2),(3)-(6) according to (8), (9) contains 
some definite combinations of fields with Lorentz indices: 

kj {i) = fc,(/ w +/iff); 
hY^ = k i {Y^+p i dX) (35) 

and with internal quantum numbers: 

C,$ w =G($ (i) 

C,J (J) ^UJ^+aJ) (36) 



Let us notice that all combinations (35) and (36) commute with operators G^lG^. 11 . 

Let us consider the construction of the spectrum generating algebra for this composite 
superstring by similar way as in classical string models [6]. For the given i- th section ( 
betweeen Vi-\^ and V^j+i) we have fields on i,i-l,i+l edging surfaces and fields on the basic 
surface. Spurious states for this basis are defined by products of operators G\ , G^ 1 , G 1 / 1 
and L ! n , L ! J , L 1 ^ 1 . But only these states are not able to save from negative norms the 
spectrum of physical states as it has taken place for usual classical string models since the 
capacity of those of them which have negative norms is not enough. For the Fock space 
under consideration we can obtain states with negative norms not only as the powers of 
time components of the dX and^i? fields on the basic surface but as odd powers of other 
time-like components :fc a / (a) ,fci/ W and k a Y (a \ fc;Y«. 

Additional conditions for the composite string model are required in order to eliminate 
all negative norms from the spectrum of physical states. There is a simple solution for it. 
We shall require as gauge conditions the supercurrent conditions generated by hf^. 

Namely we shall take the following constraints for our vertices: 

[fcyW, Wi, i+1 ] = [Wi, i+1 , k t+1 Y^ +1) ] = (37) 

Then we shall have enough states of negative norms generated by all gauge constraints. The 
equations (37) lead to the conditions: 

kf -> 0; kf +1 -> 0; (fciftj+i) -> 0; (38) 
So our gauge supercurrents are independent and nilpotent ones: 

{hY^ , fey W] = o; [k l+1 Y^ , fey W] = o (39) 
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Let us notice that our choice for additional gauge conditions is appropriate for emission 
of 7r- mesons (the case of usual quarks) . It gives an explanation for massless ir- mesons and 
correct amplitudes for n- mesons interaction [9] . But other quark flavours bring us to gauge 
supercurrent constrains which contain not only fields with Lorentz indices Y"W but and some 
part of fields jM for internal quantum numbers. This part is vanishing for the case of usual 
7r - mesons. 

Now we are able to build spectrum generating algebra (SGA) for our set of states in the 
same manner as for the Neveu- Schwarz string model in [6] with help of the operators of 
type of vertex operators (2) of the conformal spin j to be equal to one. 

We shall use the light-like vectors k\ LI ^ from our vertices {{k\ LI ^) 2 = 0) and consider a 
state of the generalized momentum P^ en ) = p Q + Nk\ LI \ 



| = -l;( fc f^ = 0;(#^ ) = l 

(*, ( -?) a =0;(fc2?) a =0; (40) 
(^O-0;(#^)^0; 

Transversal components of k\ LI \po are vanishing (pa) a = (&j LJ ^)a = 0. The generalized 
mass of this state is given by : 

Mi9en)2 _ (po+Nk^r 1 , N (41) 



We define the transversal operators of SGA as corresponding vertex operators. 
All transversal SGA operators satisfy simple commutation algebra: 

[(S^) n ,(S^) m ]=mS^5 atb S m+nfi 

[(5«)n,(B 6 (, ' ) )r]=0; 

{(B^) r ,(B { b j) ) s } = 5^5 a , b 5 m+n , 

So we can construct similarly to the DDF states transversal states \Phys) from powers of 
the transversal SGA operators: 

|P% S ) = n((^ ) )-™) A(a '" ) -l*o) (42) 

These states satisfy all necessary gauge conditions. 

Let us notice that all transversal SGA operators on the left side with (i-1)- and (i)- 
operators ( (i+l)-operators are vanishing there) can be defined with replacement of all 
(i)-fields to (i-l)-fields and vice versa of all (i-l)-ficlds to (i)-ficlds. It is true and for all 
transversal SGA operators on the right side with (i+1)- and (i)- operators ( (i-1)- operators 
are vanishing there ). They can be defined with replacement of all (i)-fields to (i+l)-fields 
and vice versa of all (i+l)-ficlds to (i)-fields. This possibility to reformulate these sets of 
states allows to move from states of i-th section under consideration to states in (i-l)-th 
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section and so on. Hence our consideration can be carried out up to ends of our amplitude 
(1) and does not depend on the number i of this section. 

Moving from these DDF type states to arbitrary states we can obtain them as usually 
with help of ordered powers of the conformal generators G^, L^; n ; G^ 1 , L^ 1 ; G 1 / 1 , L^ 1 and 
of powers of the supercurrent operators 
fc (W)y(ii)(<) ) k (Li)J(Li)(t) acting Qn \ph ys ) states: 



{G I ^ 1 \G I ^\..{L I _ 1 f^{L I _ 2 f^... 

2 2 

TT^(£p^/)(»-l)j7(i-l,r) 
r 

TT^(£py-(^J)('-l)j<5(t-l,n) 
n 

TT^(^0^t^)(*)j7(i f r) 
r 

n(*f o? -« j)w ) j(<,n) i^m ( 43 ) 

n 

Then we can repeat considerations in the Neveu-Schwarz model [5]] for the theorem 
about absence of ghosts in the spectrum of physical states in our case for the critical value 
of the number of effective dimensions and taking into account the conditions (40). 

In critical case the operators G{ and 



G{ +2(G{f = 

Y7i 4- 2<7i \\ 



G{ + l(Gi+ 2Gx)(Li + 2L X ) = G'l (44) 



define null states: 



{G'I,Gl 1 } = Q (45) 

2 T 

\ S ^) =G / ^\Phys);(S3\S^_) =0 (46) 
\S=i) = G 1 -, \Phys); (\Si\S=i) = 

2 2 '2 2 

(\S i \S^}=0 (47) 

The critical case corresponds to the condition (46). It requires the condition (47) to be 
satisfied: 

U = L = X - (48) 
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and definite values of numbers of fields: 

d crit = 2d Lor + 2d Int = 10 (49) 

For the critical case we can prove by the same way as in the Neveu-Schwarz model that 
the norms of all physical states are nonnegative if all constraints for physical states are 
fulfilled. That means four fields for all Y-fields i.e. [i = 0, 1,2,3 and one component 

for J«-fields. 

4 Hadron vertices for u,d,s quark flavours in tree hadron 
amplitudes 

Let us consider simple composite critical superstring vertices for usual u,d and s quark 
flavours in arbitrary tree amplitudes. 

Our choice for 7r-meson emission vertex coincides with the simplest vertex (2)-(6) 

with kf = kf +1 = [i 2 ;kiki + i = and /z 2 — > . The last conditions provide the supercur- 
rent conditions (38) and leads to m 2 = 0. 

We can propose some simple choice for f} in , (i out : 

Pin = a — + & 75! Pout = «— - & 755 

a = cos <p;b — sin tfi; (50) 

Let us notice that value of <p defines the fraction of momentum to be flowing into two- 
dimensional surface for the closed string sector and therefore (j) 2 <~ 10~ 38 . As it is proposed 

\^~\ and A- -1 ^ are eigenfunctions of operators and /3^] t correspondingly : 



m*&hVi = ±l (51) 
mti^tit^ = Vi + i(0\*\-! +1 yVi + i = ±1 (52) 

So we have the following it- meson emission vertex: 

Vi, i+1 { Zi ) = zT L * [G r ,Wi li+ i] zf° , 

W ili+ i = R° ut RN S RT+i (53) 



JUL 



z — ' n n 
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r(i) 



CX P(-^E^-) ( 54 ) 



rtin 



exp(-&+iy)— 2— ) exp(-fc l+1 V^^) x 

n n 

exp (-ik i+1 Y^ l+1) )\\~\ cxp ^ ) x 

n 

j(i+l) 

exp (6+1 ) (55) 



cxp(-Cm+i X! ~) cxp(-p M+ i^]^) x 

n n 

exp (-ip^i+iXojri.i+i exp X! x 

n 

exp(Ci, i+ i V— ) (56) 

n 

We require — — \ in order to have the conformal spin of this vertex to be equal to 
one. 

The product A^...r^j + i...A| )j can be presented for the ir- meson emission vertex in 
the following way: 

\(+) r \(-) 
A /3,(^)" ".(w+i) _ 

/ / A p,(r,i)— er li,r)i+i T 0a ••• / V(r )i+1 ) ^° ' > 

Here /3; a = 1, 2 are isotopic indices and r"'' 3 ' is a corresponding isotopic Pauli matrix. 
For we have from (1) 

a 4 = J n^i(o (1 ' 2) l^i2(^i)(o^|y 2 3(^) x 

(0 (4) ||0< 2 )) f 3 ,4(^)|0 (3) ) V 4tl (z 4 )\0^) (58) 
For 7r + 7r^7r + 7rwe have 

r 1 



Jo 
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(I _ x )-P23P34 + C23C34+fc 3 -£ 3 -l 

(-P23P34 + C23C34 + kl - £3)7>(ri 2 r 23 r34r4i) 

So we obtain this amplitude as a simple beta function 



2 T(l-a* -\t)T{\-o%-\a) 



Ai 9 r(l-a*-it-ag-i S )) 

Tr (r 12 r 23 r 34 r 4 i) (60) 

with t =pl 3 ,s =pj 4 ; 

f,.t 1 £l £3 _l_ 1 _l_ 3 C13 \. 

u> — 1 2 2 ~r 2 ~r 2 2 /' 

™ s — p 23 1 P34 /■ /* L2 , c2. 

a — 2~ + 2 S23S.34 - £3 + ?3 , 

fc i = °;C 2 = = 5 and hence C13 = 6+6=0, (23 = C34 = 0; p% 3 = pj 4 = ml = 
and ag = a o = 2 

After this natural choice for the n- meson emission vertex we can not build the K- meson 
emission vertex similarly without a lost of the supercurrent conditions (37) for the s-quark 
edging surface and hence with the breakdown of our construction of the spectrum gener- 
ating algebra and then with appearance of states of negative norms in the physical spectrum. 

But it is possible to move to another form for W^+i in the case of K-mesons without a 
lost of the supercurrent conditions: 

Vi, i+1 {zi) = zr L "{G r M, l+ i}zt' , 

W i>i+1 = [G r ,Wi, i+1 ] (61) 
Wj.i+i = R° ut RNsRi+i 

Here we have i-th edging surface for usual (u,d) quark flavours with fcf = fi 2 ;kik i+ i = 
0; [i 1 — »■ 0;£? = \ and i+l-th edging surface for s-quark flavour. 

There are two orthogonal light-like supercurrent conditions: the old one 

hj {i) = fc,(/ w +fti/); 
k i Y®=k i {Y®+j} i dX) (62) 



and the second one 



We require 



/ s = W/ (m) +A+i#)-&<i> (4) 
Y s = -k i+1 (Y^ + h+idX) - &J« 

H l+ iJ (l+1) + Ki+i&i+i - (63) 



-k 2 l+1 +£ =0 (64) 
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and kf = in order to have the conformal spin of this vertex to be equal to one and the 
light-likeness of (62), (63) simultaneously. 



For 4 2 = \ and for the minimal value of = we have 

3 , I 



kf+i=k'i = l;tii + i=Zs = ^i (65) 



2 

It corresponds to mx ~ 474Mew. 

We take here in the K-meson emission vertex as for 7r-mesons 

A (?) . ) ...l M+ i...A (7) . +i) - 



E ^•••w 1 ---a[; ) +i) ( 66 ) 

It corresponds to pseudoscalar meson wave functions ^M<-y 5 'i»( J + 1 ). It is worth be noted that 
the minimal possible mass of K-meson is very near to the real K-meson mass. 

Further it is possible to use this structure (61) for definition of an G-even part of nucleon 
emission vertices with corresponding supercurrent conditions. 

V i,i+1 \ Z i) - Z i \ G r, \Z t , 



Gr,W$?] (67) 



W i,i+1 - H i H NS-ti i+l m 



Here we have i-th edging surface for usual (u,d) quark flavours with kf = [i ;ktki+i = 
0; M 2 ^0;^ = i 

and i+l-th edging surface for diquark quantum numbers 
with 

kU = *l = \^ ) = -ti = -\l\ (68) 

These parameters satisfy the equation (65). 

Let's note that k% = § corresponds ttin ~ 948Mew for our choice ^ = 1, 2Gev 2 . 

There are two orthogonal light-like supercurrent conditions for G-even parts of nucleon 
emission vertices: the old one 

kJW=k i (fW+p i H); 
feiPW = fc.(y« + p. dX ) (69) 



and the second one 

f W = k i+1 (f^ + p i+1 H) - ^ 

+ (6+1^+1 - &«i)e ; 

J (t+1) + te+i^+i - (70) 
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G-odd parts of nucleon emission vertices require third type of vertices. Namely we take 
for them the following structures: 



G r ,W iii+1 



z La 



C!i =^/ (i) / w (? w )-^yf 

= RrRNsRT+i (71) 

Again we have here previous two orthogonal light-like supercurrent conditions : the first 
one (69): 

with kf = fjL 2 ;kiki+i = 0;m 2 -> O;^ 2 = ± 
and the second one (70): 

J(N).y(N) 

with 

L2 _ jl2 _ 3.t+W _ _t. _ _„/! 
"-i+l — ~ 2'?i+l — — y 2 

which satisfy the equation (64). 



5 Conclusion 

So we have simple hadron vertices in the consistent composite string model for hadron 
interactions. It provides a possibility to analyse properties of hadron amplitudes in this 
model. 
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